CIHM 
Microfiche 
Series 
(Monographs) 


ICIVIH 

Collection  de 
microfiches 
(monographies) 


Canadian  institute  for  Historical  Microreproductions  /  Institut  Canadian  de  microreproductions  historiques 


Technical  and  Bibliographic  Notes  /  Notes  techniques  et  bibliographiques 


The  Institute  has  anempted  to  obtain  the  best  original 
copy  available  for  filming.   Features  of  this  copy  which 
may  be  bibliographically  unique,  which  may  alter  any 
of  the  images  in  the  reproduction,  or  which  may 
significantly  change  the  usual  method  of  filming,  are 
checked  below. 


0  Coloured  covers/ 
Couverture  de  couleur 


0 

D 
D 
D 
D 
D 
0 
D 


D 


Covers  damaged/ 
Couverture  endommag^ 

Covers  restored  and/or  laminated/ 
Couverture  restauree  et/ou  pelliculee 


Cover  title  missing/ 

Le  titre  de  couverture  manque 

Coloured  maps/ 

Caites  giographiques  en  couleur 

Coloured  ink  (i.e.  other  than  blue  or  black)/ 
Encre  de  couleur  (i.e.  autre  que  bleue  ou  noire) 

Coloured  plates  and/or  illustrations/ 
Planches  et/ou  illustrations  en  couleur 

Bound  with  other  material/ 
Relie  avec  d'autres  documents 

Tight  binding  may  cause  shadows  or  distortion 
along  interior  margin/ 

La  reliure  serree  peut  causer  de  I'ombre  ou  de  la 
distorsion  le  long  de  la  marge  interieure 

Blank  leaves  added  during  restoration  may  appear 
within  the  text.  Whenever  possible,  these  have 
been  omitted  from  filming/ 
II  se  peut  que  certaines  pages  blanches  ajoutees 
lurs  d'une  restauration  apparatssent  dans  le  texte, 
mais.  lorsque  cela  etait  possible,  ces  pages  n'ont 
pas  ete  filmees. 


L'Institut  a  microfilm^  le  meilleur  exemplaire  qu'il 
lui  a  ete  possible  de  se  procurer.   Les  details  de  cet 
exemplaire  qui  sont  peut-itre  uniques  du  point  de  vue 
bibliographique,  qui  peuvent  modifier  une  image 
reproduite.  ou  qui  peuvent  exiger  une  modification 
dans  la  methode  normale  de  f  ilmage  sont  indiques 
ci-dessous. 


D 


Coloured  pages/ 
Pages  de  couleur 


S  Pages  damaged/ 
Pages  endommagees 


□  Pages  r- 
Pages  rt ; 


ir^'  ir  laminated/ 
.  '  ,.  tu  oelliculies 


H  Pages  disco. c  ^t-ined  or  foxed/ 

Pages  decolo    ■  •>,  tachetees  ou  piquees 

□  Pages  detached/ 
Pages  detachees 


0 

o 
0 

□  Inclu 
Comi 


Showthrough/ 
Transparence 


Quality  of  print  varies/ 
Qualite  inegale  de  I'impression 

Continuous  pagination/ 
Pagination  continue 


des  indexles)/ 
Comprend  un  (des)  index 

Title  on  header  taken  from:/ 
Le  tttre  de  I'en-tSte  provient: 


□  Title  page  of  issue/ 
Page  de  titre  de  la  liv 

n  Caption  of  issue/ 
Ti 


0 


tre  de  depart  de  la  livraison 


Masthead/ 

Generique  (periodiques)  de  la  livraison 


o 


Additional  comments:/ 
Commentaires  supplementaires: 


This  Item  is  filmed  at  the  reduction  ratio  checked  below/ 

Ce  document  est  filme  au  taux  de  reduction  indtque  ci-dessous 

lOX  14X  18X 

I         !         !         I         !         I 


22X 


26  X 


T 


30X 


J. 


12X 


16X 


20X 


V 


24  X 


28  X 


The  copy  filmed  here  hat  been  reproduced  thanks 
to  the  generosity  of: 

University  of  Toronto  Archives 

The  images  appearing  here  are  the  best  quality 
possible  considering  the  condition  and  legibility 
of  the  original  copy  and  in  Iteeping  with  the 
filming  contract  specifications. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  last  page  with  a  printed  or  illustrated  impres- 
sion, or  the  bacit  cover  whan  appropriate.  All 
other  original  copies  are  filmed  beginning  on  the 
first  page  with  a  printed  or  illustrated  imp,  js- 
sion,  and  ending  on  the  last  page  with  a  printed 
or  illustrated  impression. 


The  last  recorded  frame  on  each  microfiche 
shall  contain  the  symbol  — »-  (meaning  "CON- 
TINUED"), or  the  symbol  V  (meaning  "END"), 
whichever  applies. 

IVIaps,  plates,  charts,  etc.,  may  be  filmed  at 
different  reduction  ratios.  Those  too  large  to  be 
entirely  included  in  one  exposure  are  filmed 
beginning  in  the  upper  left  hand  corner,  left  tu 
right  and  top  to  bottom,  as  many  framec  ds 
required.  The  following  diagrams  illustrate  the 
method: 


1 

2 

3 

1  2 

4  5 


L'exemplaire  film*  fut  raproduit  grAce  A  la 
g^nArosit*  da: 

University  of  Toronto  Archives 

Las  images  suivantes  ont  iti  reproduites  avec  la 
plus  grand  soin,  compte  tenu  da  la  condition  at 
da  la  nattatA  da  lexamplaira  film*,  at  an 
conformity  avac  las  conditions  du  contrat  da 
filmaga. 

Las  axamplaires  originaux  dont  la  couvartura  en 
papier  est  imprim^e  sont  film^s  en  commenpant 
par  la  premier  plat  at  en  terminant  soit  par  la 
dernidre  page  qui  comporte  urie  empreinte 
d'impression  ou  d'illustration,  soit  par  le  second 
plat,  salon  le  cas.  Tous  les  autras  exemplaires 
originaux  sont  filmis  an  commandant  par  la 
premiere  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration  et  en  terminant  par 
la  dernidre  page  qui  comporte  une  telle 
empreinte. 

Un  des  symboles  suivants  apparaitra  sur  la 
dernidre  Image  de  cheque  microfiche,  selon  le 
cas:  le  symbole  — ••  signifie  "A  SUIVRE  ",  le 
symbole  V  signifie  "FIN". 

Les  cartas,  planches,  tableaux,  etc.,  peuvent  §tre 
filmds  d  des  taux  de  reduction  diff6rents. 
Lorsque  le  document  est  trop  grand  pour  dtre 
reproduit  en  un  seul  cliche,  il  est  filmi  d  partir 
de  Tangle  sup6rieur  gauche,  de  gauche  i  droite, 
et  de  haut  en  bas,  en  prenant  le  nombre 
d'images  n^cessaira.Les  diagrammas  suivants 
illustrent  la  m^thode. 


2  3 

5  6 


UNIVERSITY   OF   TORONTO 
STUDIES 

PAPERS  FROM  THE  CHEMICAL 
LABORATORIES 


No.  56:  THE  DEIERMINATION  OF  BORIC  ACID,  ALONL, 
AND  IN  THE  I'Rl-.SENCE  OF  I'HOSPHORIC  ACID,  uv  R.  J. 
Manninc;  and  W.  R.  Lang 

iKKi'RiNTKii  h-KOM   rHK  Jiu^NAi.  l^^   rHK  StKiKiv  Oh  C»KMi.<i    Inoustrv,  Voi..  XXV.) 


THE  UNIVERSITY  LIBRARY:   PUBLISHED  BY 
THE  LIBRARIAN,  1906 


COMMITTEE  OF  MANAGEMENT 


Chairman:  James  Loudon,  LL.D., 

President  of  the  Uk 

Professor  W.  J.  Alexander,  Ph.D. 

Professor  Pelham  Edgar,  Ph.D. 

Principal].  Galbraith,  M.A. 

Professor  R.  Ramsay  Wright,  M.A.,  B.Sc. 

Professor  George  M.  Wrong,  M.A. 

General  Editor:  H.  H.  Langton,  M.A., 

Librarian  of  the  University 


REPRINTED  FROM  THE  JOURNAL 


III     IIIK 


§otictn  of  i\itm\\\  iintiustri). 


CANADIAN     SECTION. 


i:.  WW    I'.hh;. 


THE  DETERMINATION  OF  BORIC 
ACID,  ALONE  AND  IN  THE 
PRESENCE  OF  PHOSPHORIC 
ACID. 


BY 


ROlxiKl!    .1.    MAXXINt:    am.    WILLIAM    1!.    LANd. 


I.ONItoN  : 
Vaciiku  &  Sd.Ns,   Wr.siMlvsiiir,    'l..rsr..  t  ii:i.  \t   Smihi   Sn:.;i  t.  \Vi;si  minstki;,  S.W, 

I'.KHi. 


!f:| 


;  ''^^i"^^'''7?^^$p!^'^ 


W-T^?^ 


;^    :tr;     »=■»-.=    < 


{Rrprintr'l    frim    /V    Journ.U  o/    <A<  .V'(C(t/y  "/   CSroitnU 
hidwUry,   10    l/.i'/   IWXl.     A".  1»,  k"<.    .VVK.| 


Canadian  Section. 


.l/,./.»7  /.././  ,i(    1\.t;Hl.:  ..«    Ar.'/'i'/.     l/'f'   "i"'.    H*'"'' 


li|<     K.     I     ^.MAI.K    IN     riir   I  MMi:. 


IHK    DKIKIO 
ANI>  'N  TlIK  ' 


riON    OK    ItOKU'   .\lll>.  AM'Nt; 
SKM  K  l)K  l'UOSI'H<>l<lt'  Al'lK. 


f      miliiKR   J.    MANMMi    AM'    WIII.IAJI    B.    I.ANll. 

Ill  t  •■  <\\  \<MHr  ill  liii^  .liMiruiil.  Iiy  I'l-  Mil'i>ii  K. 
.S<:iiiukki'  on  inethoJii  of  <mtiin»ting  boric  aoid,  ui<'Utum 
in  m»il"  oi  llin  compouad  formal  by  thi»  ooid  and  mBthyl 
alcohol  m  mixlurtm  thoroof.  its  diBtilUtion  »iid  r  ,jllf,tion 
over  a  woighed  quantity  of  caluium  oxide  by  whiili  tb« 
rntrr  is  ilri-ompospii  and  tin'  linrio  acid  liCvOiiics  tixc(l  and, 
iiftur  innitidii.  it  cHlciilattMl  i'v  increivue  o1  wciglit  i»). 

BorzoUus'  method,  uwd  and  recomrnniiilcd  by 
Thaddpcff  (•),  ilciiH-nds  on  tho  foriiiution  of  (Mitassium 
borofl'ioride  from  tho  disli'.lwl  tniaethyl  burati' :  it* 
at'curacy  is,  however,  found  to  be  doubtful  owini?  to 
the  imiierfcct  insolubility  of  tho  ooinpoiitid  (♦).  Other 
methods,  such  as  that  of  Partheil  and  Bow  (*)  and  that 
of  MyUu»  and  Meusser  O.are  pronounced  "  uiisatisfaclory, 
•■  coiupUcat*™!  "  and  "  tedious." 

This  paper  deals  primarily  with  tho  separation  of 
bone  tcid  as  the  trimethyl  compourd  aiKl  its  subsenuuiit 
gravimetric  estimation  as  the  barium  salt.  The  first 
serii  of  experiments  is  connoot<.nl  with  this,  tho  socoml 
has  rcforenco  to  volumetric  raethods  of  ostimatiiiK 
boric  acid  in  tho  distillate,  and  the  last  deals  with  its 
direct  titration  in  mixtures  of  other  acids. 

1.— In  order  to  determine,  first,  if  boiic  acid  is  coiii- 
pletcly  expelleil  as  the  trimethyl  salt  by  distillation, 
quantities  of  from  0-6  to  1-6  grms-  of  boric  acid(')  were 
placed  ill  a  retort,  250  c.c.  of  maS-hyl  alcohol  added  and  the 
mixture  distilled  at  a  temperature  of  from  M'  to  (57°  C. 
when  it  was  found  i,uat  alter  distillation  at  this  tomptira- 
turo  for  an  hour  the  residue  in  the  retort  contained  only 
a  small  proportion  of  boric  acid  and,  after  one  and  ahalf 
hours,  none  couhl  bo  detected. 

Tho  estimation  of  the  boric  acid,  thus  exixillefl  as  tho 
trimethyl  compound,  with  barium  chloride  solution  was 
proceo''->d  with.  Known  amounts  of  boric  acid  were 
dissolv  a  in  methyl  alcohol  (»),  plaoe.1  in  a  retort,  and  the 
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diBliUaU)  allowed  to  mix  with  a  concent  rated  aqueous 
Holution  of  barium  chloride.  The  trimethyl  borate 
reacts  with  the  water  according  to  the  equation — 

B(0Me)3  +  3HjjO  =  B(OH  h  +  3MeOH. 

The  boric  acid  thus  liberated  leav.U  with  the  barium 
chloride  to  form  barium  borate  and  free  hydrochloric  acid 
in  wliich  the  former  dissolves.  C'nii-tic  alkaU  was  then 
added  and  the  resulting  prccipitai>  f  barium  borate. 
Ba( BO.,).,,  washed  with  alcohol  till  free  from  all  traces  of 
chlorides,  dried  at  lltf"  C.  and  weighed  on  a  tared  hltcr. 
The  resulting  weights  of  precipitate  were  m  all  cases  too 
high  and  this  was  found  to  be  due  to  the  presence  of 
barium  hydroxide  which  was  precipitated  on  concentratmg 
the  solution  from  filtration  (»).  The  proceeding  was  then 
modified  to  obviate  this,  and  the  hberated  hydrochloric 
acid  in  the  reaction — 

•JB(0H)3  +  BaCU- Ba(BUo).  +  2HCl  +  2H.^O 

neutralised  accurately  by  iiuaus  of  semi-normal  sodium 
hydroxide  with  phenolphthalein  :is  indicator.  The  use 
of  this  strong  solution  of  sodium  hydroxide— and  also  of 
barium 'chloride— was  necessary  to  prevent  the  solution 
of  part  of  the  barium  borate  in  water,  in  which  it  was 
found  to  be  appreciably  soluble.  Weighing  the  precipi- 
tated barium  salt  gave  results  corresjionding  to  09-08  per 
cent,  of  the  theoretical. 

Being  now  fully  satisfied  with  the  accuracy  of  this 
method,  determinations  of  the  boric  acid  in  pure  borax 
were  undertaken.  Amounts  of  borax  of  about  I  grm. 
were  weighed  out,  mixed  carefully  with  from  20  to  30  e.c. 
of  concentrated  sulphuric  acid  and  added  to  350  e.c.  of 
methvlated  spirit  (*j  contained  in  a  retort.  \n  excess  of 
sulphuric  acid  was  found  to  be  necessary  to  prevent 
the  reprecipitation  of  the  salt  by  the  alcohol.  The  mixture 
was  then  subjected  to  distillation  at  a  tcmjierature  of 
from  ()5°— 70°  0.  and  it  was  found  advisable  to  keep  the 
bulk  of  the  alcoholic  solution  approximately  constant 
bv  leading  into  the  retort  from  a  distiUing  tlask  a  further 
supply  of  spirit.  About  30  minutes  sutficed  to  carry 
over  most  of  the  boron  compound,  but  results  showed 
it  to  be  necessary  to  continue  the  distillation  much 
longer.  A  iteriod  of  one  and  a  halt  hours  was  therefore 
chosen  as  the  best  time  for  the  operation.  The  ilcter- 
miiiation  of  the  boric  acid  was  done  as  described  pre- 
viously, and  a  number  of  estimations  showed  that  the 
borax  could  be  estimated  in  this  way  with  only  a  very 
small  error. 

Wt.  of  borax  taken.      Wt.  of  BntBOj),.      rercpntai!^  fouriii. 
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water   in   the   rcluil    is   to   Ik.   avoKlcd. 

l-ornlc  would    then    lie  ilc<(inipoM(.    vicldiKU   tlic   al.olHd 

ami  boric  ncid.  whuli  would  not  distil  ovir  ;    the  nsiilt 

would  then  be  too  low. 

Thin  mctliod  was  furtlicr  applied  to  inixtiircs  contuiiiiiin 

pUohphates   and   Hulpliatcs   in   addition   to   borates   with 

jierfectly  satisfactory  results. 

2.    Wiltniiilrir    ,  .•timatioii    uilh    priiiovH    <lii:lill<ili<'i'.- 
^s    borie    arid    can    be    titratfxl    with    stanibird    soiliiini 
hydroxide  in  the  presen  e  of  glycerine,  and  tliceiid-poinis 
in  the  formation    of    .s(Hliuni    borate    iiidiculed    by 
nolphthalein,     «vcral   determinations    were    tried 


plie- 
after 


decomposing  the  borate  in  alcoholic  solution  wilh  sulpluinc 
acid  The  apparatus  used  was  the  same  as  in  the  previous 
(  xiHTiments  :  the  distillati^  was  collei  ted  in  water,  mude  up 
to  a  litre  and  aliquot  jiortioiis  taken  for  titration,  lo 
each  portion  thus  taken  it  was  found  necessary  to  have 
about  one-third  of  the  bulk  of  the  solution  ^ly((■rlm•('"). 
The  results  of  the  titration  gave  im-7f>  ihi  cent,  ol  the 
boron  compouml.  this  error  (l-iu  iht  cent.--  being  con- 
siderably less  than  the  literature  on  the  subject  would 
lead  ono  to  expect. 

3  /;ircc(  lohimitric  v^timntioH  in  (/!'■  ;<i-(.vi)irc  „f  phox- 
phatcs  and  sulphata.—A  mixture  of  a  i|liospliate.  a 
8Hlnhate(")  and  a  borate  were  treated  with  dccinormal 
Bulphuric  acid  till  acid  to  .Methyl  Orange,  thus  .s.tting 
free  phosphoric  and  borie  acids.  Dccinormal  .soibiiiii 
hydroxide  was  then  run  in  until  tlie  solution  u:.s  n.Mitnd 
to  Methvl  Orange,  which  was  found  only  to  indicate 
the  end"  of  the  formation  of  the  sodium  dihydroiien 
phosphate;  a  Btill  further  amount  of  alkali  bad  to 
lie  adtted  before  the  .solution  begiiii  to  reait  alk.lmc 
W'th  phenolphthalein  showing  ih'it  the  (h-odnm 
compound  had  been  formed  (12).  The  l.oru  acid 
n(.t.  being  nentralised  ill  oiu  e  in  aipieous  M.lution 
by  alkali,  glycerine  was  then  added,  and  the  titration 
of  the  boric  acid  comiileted.  The  results  are  given  below 
from  which  the  accuracy  of  the  method  may  be  seen  ;— 
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An  error  avoided  here  bv  titrating  the  .soliilujii  pre- 
viously with  the  sodium  hydro.xide  till  neutral  or  faintly 
alkaline,  is  the  (|uantitv  of  alkali  of  necessity  absorbed 
bv  the  water  before  'the  lirst  Iraie  of  alkalinity  is 
ajiparent.     Experiments  showed  this  to  be  an  ai.jireiiable 
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amount ;    in  the  ca«e  of  60  ••c.  aliohol  and  50  fc.  waUr, 
0-0010  grui.   potassium  hyilroxido  wan  required. 

The  authors  intend  applying  tlitbo  methods  to  the 
determination  of  boric  acid  in  footl  stuffs. 

(»I  See  (iowli.  Ami.  fliem.  J..  9.  23— ;i3,  and  Montemartiiii 
(lazi.  ciani.  iUI.,  28.  :!44— 348. 

{•l  This  J.,  IHQS,  9.>:f. 

I*)  See  (•)  and  (•) 

(•i  Her.,  1901,  3811 

(•l  Ber.,  1»04.  »»7,  ami  tlii»  J,.  1»04.  26». 

i'»  The  composition  of  the  borie  acid  employed— whether 
HlOH).  HBOa  or  H0H4O7— »"»  determined  by  estimating  the 
amount  of  B-iOs  rontained  in  it.  A  weiiibed  amount  of  bone 
anhydride,  formed  by  fuaiiiB  the  boric  acid  to  a  clear  glass,  was 
dissolved  in  water  and  titrated  against  potash  with  phenolplithaleln 
HS  indicator.  A  weighed  amount  of  boric  acid  was  also  titrated 
against  the  same  iiotash.  Hen(e  the  percentage  of  BjOj  in  tne 
acid  used  was  found.  In  these  titrations— and  all  subsequent 
ones  in  the  second  part  of  this  paper— as  to  30  per  cent,  of  glycerine 
was  used,  as  it  i»  found  that  the  neutralisation  of  bone  acid  by 
alkali  caanot  be  done  with  any  degree  of  accuracy  except  in  tne 
presence  of  glycerine  orotherpolyatomicalcoliol.     (B.T. Thomson. 

(•)  ordinary   iiiethylated  spirits   (free  from   mineral   oil)  were 
found  to  act  equally  well. 
(•1  I'ure   sodium   hydroxide  was  used,  prepared  from  nielalUc 

'l«»|  Sec  note  ('I.  Also  .1.  Amer.  Clicln.  Hoc.,  1H98.  2«8. 
The   determinations   were  done   before   the   above   papers   were 

(»)  The  sulphate  might  have  been  omitted,  as  it  t(xik  no  part 
in  the  subsequent  reaction.  .,      ■        .    .     i. 

I'si  \  strong  solution  of  disodluiu  hyilrogen  orthopliosphaie  is 
slight Iv  alkaline  to  pheiiolphthalein.  roinparative  experiments 
wer.  Tiiaile  with  varying  anion  lis  of  a  saturated  solution  of  this 
snli  and  equal  quantities  o'  >  ater ;  phenolplithaleln  added  to 
eu.  li  and  deciiiormal  potassiii  hydroxide  added  to  the  water  tin 
the  uliades  of  pink  were  idem     .1 ; — 
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Alkali  required  for 

solution  in  v-v. 

50  c.c.  of  water. 

O.iio 

i).02  c.c. 

n-riii 

^Ofl    „ 

Mill 

o.flu   ., 

li-Olt 

(|.0i)   „ 

:i.nii  made 

up 

n.in   „ 

4 .(in  to  5U 

C.c. 

oil    ,. 

.S-IIO 

"•12    „ 

«.|ii) 

(112    ,. 

-•oil 

n.12   ., 

H-UO 

0.12    „ 

For  most  solutions  of  this  salt,  therefore,  a  deduction  of  O'l  c.c. 
would  he  the  niaximuiu  correclion  necessary. 


liL   il 


f* 


